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Abstract 
 
This thesis is a study of a rock avalanche in carbonatic rocks, 
based on the analysis of the deposits geomorphology and of the 
triggering, propagation and emplacement phases. 
The Peron Mount landslide is located in the Belluno Province, 
in the north-east Italy.  The estimated volume of the landslide 
deposits is about 108 m3 (Abele, 1972) and 8 x 107 m3 (Cuman, 
2006), with a travelled distance of about 4,5 km and a covered 
area from 19.5 km2. The maximum thickness of the deposit is 40 
m (Pellegrini et al., 2006). 
The age and the overall interpretation of this landslide, was 
object of debate among the geologists who had studied the 
deposit for several years. 
Besides, 14 samples situated in different part of the deposit have 
been  collected to carry out exposure ages datation. The samples 
have been described, analysed and dated with 36Cl cosmogenic 
isotope.  
The method for dating the samples, a procedure based on the 
AMS (Accelerometer Mass Spectrometry) use, has been 
described at the end of this thesis.  
To understand how is the current situation on the Mt. Peron 
wall, a structural study based on the field fracture analysis has 
been done.  
Finally, an interpretation of this large gravitational phenomena 
was given, taking into account also the present knowledge about 
rock avalanches. 
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Riassunto 
 
Questa tesi è uno studio sui rock avalanche in rocce 
carbonatiche, basato sull’analisi geomorfologica dei depositi e 
sulle fasi di innesco, propagazione e deposito dell’evento 
franoso. 
La frana del Monte Peron è situata in Provincia di Belluno, Italia 
nord-orientale. Il volume dei depositi è stato stimato di 108 m3 
(Abele, 1972) e 8 x 107 m3 (Cuman, 2006), i quali hanno 
percorso una distanza di circa 4,5 km ricoprendo un’area di 19.5 
km2. Il Massimo spessore dei depositi misurato è di 40 m 
(Pellegrini et al., 2006). 
L’età e l’interpretazione di questa frana è stata per molti anni 
oggetto di discussione tra i geologi. Per dare una nuova 
interpretazione alla frana, sono stati raccolti 14 campioni i quali 
sono stati descritti, analizzati e calcolati i tempi di esposizione 
utilizzando l’isotopo cosmogenico 36Cl. 
Il metodo utilizzato per calcolare i tempi di esposizione è stato 
descritto nella parte finale della tesi. 
Sul Monte Peron è stato fatto poi uno studio strutturale, 
studiando le faglie presenti nell’area e facendo un’analisi delle 
fratture sulla parete sud del monte. 
Infine, tenedo conto delle recenti conoscenze sui rock 
avalanche, è stata data una nuova interpretazione della frana. 
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1. Introduction 
 
The probability of large and dangerous landslides in areas of 
sedimentary rock especially in the Northern and in the Southern 
Calcareous Alps is rather high (Von Poschingher, 2002). 
The thesis starts with a chapter regarding the triggering, 
propagation and emplacement phases of rock avalanches, the 
arguments that will be discussed at the end of the thesis together 
with a proposed modelling of the event. 
 
Among the numerous rock avalanches present in the Alps, it 
was chosen in this thesis to study the Mt. Peron rock avalanche 
and his large deposit called “Masiere di Vedana” located in the 
Belluno province (Dolomites, NE Italy). The volume of this 
rock avalanche is estimated of 108 m3 (Abele, 1972) and 8 x 107 
m3 (Cuman, 2006), with a travelled distance of about 4,5 km and 
a covered area from 19.5 km2. The maximum thickness 
observed in the deposit is 40 m. (Pellegrini et al., 2006). 
The origin of this landslide was objet of discussion over long 
time among the geologists who studied the Masiere di Vedana 
deposit. Geologists and geomorphologists argued that this 
deposit was the result of many landslides fall over the Cordevole 
Glacier that occupied the plain below the Mt. Peron during the 
last glacial period (Wurm) and transported by the glacier for 
several kilometres (Mazzuoli, 1875; Hörnes, 1876; 
Taramelli,1887; Dal Piaz, 1912; Venzo, 1939; Pellegrini, 1996; 
Pellegrini et al.,2006).   
However, the deposits show characteristics comparable with 
rock avalanche deposits: as (a) the preservation of the original 
sequential order of rock layers in the source area, (b) block 
coarsening upward with big boulders on the surface and (c) 
presence of a transverse levee and toma and (d) a depressed area 
without boulders between the detachment and the accumulation 
zone. 
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The aim of this thesis is to discuss if this extended deposit is 
derived from a postglacial rock avalanche along the slope of the 
Mt. Peron or from landslide material transported by Cordevole 
Glacier, or both, on the basis of the characteristics of the 
deposits and their ages. 
 
The studied area belong to the southern Dolomites (Venetian 
region) which is characterized by the presence of rocks, whose 
ages span from the Late Triassic Dolomia Principale to the 
Miocene “Molassa”. This part of Dolomites belongs to the 
transitional area between the eastern margin of the Trento 
Platform (Masetti & Bianchin, 1987) and the Belluno basin. 
The lithologies of the Mt. Peron area are dominantly  basinal as: 
Gruppo dei Calcari Grigi (i.e. Grey Limestone Group), Rosso 
Ammonitico Inferiore (i.e. Lower Rosso Ammonitico), Calcare 
del Vajont (i.e. Vajont Limestone), Formazione di Fonzaso (i.e. 
Fonzaso Formation), Rosso Ammonitico Superiore (i.e. Upper 
Rosso Ammonitico) and Maiolica (i.e. Maiolica). They are 
described in chapter 4.2. 
 
The thesis includes an analysis of the structural setting with: (a) 
a view of the tectonic evolution and  (b) an analysis of the 
fractures and joints (chapter 6) 
The Mt. Peron area was involved in a complex evolution. Since 
the Early Jurassic this area has been interested by the activity of 
the N-trending normal faults, which were responsible for the 
Trentino Platform, Belluno Basin and the Friuli Platform 
formation. During the Neoalpine phase strain changed from E-
W to NNW-SSE direction causing a S-vergent thrust with a big 
ramp-fold which induced 30 km of shortening (Doglioni, 1987). 
During this phase the ramp-fold “Coppolo-Pelf Anticline” 
developed in front of the Belluno thrust. 
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The Mt. Peron belongs to the southern steep flank of this 
asymmetric ramp-fold anticline at the hangingwall of the 
Belluno Line; here at the base of the Mt. Peron the layers have 
an inclination about 80°. 
The faults present in the Mt. Peron area have two preferential 
directions. The main fault set (Neoalpine) is oriented WSW-
ENE parallel to the Belluno thrust. A second set of faults is  
oriented N-S. These faults are parallel to the Coro-Medone Fault 
of early Jurassic age, which is the principal fault in this zone 
(Figure 22.) 
 
Many fracture systems were measured the Peron Mount walls, 
they belong to six different families. 
14 Samples from different parts of the Masiere di Vedana 
deposits were collected for dating by 36Cl isotope the large 
blocks. They have been described in chapter 7. This method 
allows to calculate their exposition time and then, the time of 
their presumed fall .  It is based on the effect of cosmic rays 
over rocks. Primary cosmic rays enter in atmosphere producing 
secondary cosmic rays constituted by protons, neutrons and 
muons of where neutrons are dominant (energy > 10MeV). 
When they impact with the Earth surface, they interact with rock 
target minerals yielding TNC (terrestrial nuclide cosmogenic) 
10Be, 36Cl and 26Al. These nuclides can be unstable with variable 
decay time; therefore mid-long life nuclides allow measuring the 
exposition time up to a few Ma. 36Cl is the only cosmogenic 
nuclide suitable for dating limestones and dolomites. 36Cl is 
produced through different processes as spallation, muon 
interactions and low-energy (epithermal and thermal) neutron 
capture reaction (Alfimov & Ivy-Ochs, 2009). 
Mt. Peron samples have been prepared and dated in the 
laboratory of the Department of Physic, from ETH in Zurich. 
The procedure for preparing and dating the samples is described 
the AMS (Accelerometer Mass Spectrometry).  
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The exposition age obtained are young: 1480 years for the VB2a 
sample, 950 years for the VB3a samples and 1860 years for the 
VB3c collected at the base of the Mt. Peron and than might 
belong to collapses subsequent to the main rock avalanche. 
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2. Rock avalanches 
 
Rock avalanches are considered the more impressive and 
powerful natural phenomena that occur in the mountain regions; 
they represent a high risk for populations living in mountainous 
areas all around the world. Such phenomena are infrequent but 
not uncommon (Whitehouse, 1983). 
They are a complex landslides characterized by sudden 
mobilization of large volumes of rock and that may propagate at 
high speed over extended areas. Their speed can be in the order 
of tens of metres per second, the travel distance in the order of 
some kilometres (Dikau et al., 1996). 
Rock avalanches have received increasing attention from the 
scientific world only in the last few decades.  The first scientist 
who observed and described these phenomena was Albert Heim 
(1881). He described the fall stream (called in the literature for 
many years with the term sturzstrom) as a rockfall that after a 
first phase in which it behaved as a rigid body, disintegrated into 
debris and than flowed. 
The most popular work about rock avalanche was written by 
Abele (1974). In his work Bergsturz in den Alpen (“Rockslide 
in the Alps”) he catalogued all the biggest rock slides in the 
Alps with a volume over million of cubic metres, from the 
French Alps to the Eastern Alps of Slovenia. He has been the 
first to catalogue some landslides as rock avalanches because 
before his work a several landslide were still interpreted as rock 
slide. 
Several works have been made about rock avalanche but their 
classification are still problematic, in particular it’s still not clear 
if we can definite a rock avalanche as a flow or as a slide. 
Relief, lithological characteristic and structure of mountain 
chains determine not only the distribution and dimension of rock 
avalanches, but also the pattern of their movement and, in 
particular, their aspect. 
	   12	  
2.1. Characteristic of the rock avalanche deposits 
 
To consider a rockslide as a rock avalanche an arbitrary 
threshold, or a minimum size, was fixed. Abele (1974) fixed a 
minimum debris volume of 1x106 m3. 
The mobility to the rock avalanche is directly related to the 
volume of the rock avalanche. (Heim, 1932). 
 
The deposits are characterized by a gradual coarsening upward. 
The material is extremely fragmented with smaller clasts in the 
lower part of deposits, often immersed in a matrix constituted of 
finely comminuted rock granules. The higher part is composed 
of large angular boulders, and sometimes of huge fractured 
blocks of displaced bedrock with only a small content of fines. 
 
A particular characteristic observed into the deposit, is the 
preservation of the original sequential order of rock layers 
before the fall. The layer more external to the cliff will be in the 
further part of the deposit and vice versa. 
This delineate that the motion of rock avalanche isn’t a turbulent 
flow, because rock fragments of different composition were not 
mixed and reflect the compositional zones in the deposits 
(Schulz et al., 2002). 
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Figure 1. Typical structures of rockslide deposits of the  
across-bedding type  A – with the re- tained initial sequential 
order of rock types; B – converted into a stratified body 
composed of layers of homogeneous lithology (Strom, 2006). 
 
Analyse the morphology of deposits is useful to reconstruct 
debris motion. Several distinct types of micro-relief can be 
recognised. Parallel or fan-shaped diverging levees and furrows 
indicate a ‘laminar flow’ of debris. Transverse levees are 
interpreted as the result of longitudinal compression in the 
moving rock avalanche: arched ridges and furrows signify only 
that the deposit moved but this does not necessarily imply that 
the deposit was wet or dry or that it moved rapidly or slowly 
(McSaveney, 1978). 
 
In the internal part of the deposit it’s possible observe small-
hills relief, called “toma” (Abele, 1974) or “hummocky”; they 
are conical hills up to several meters high. These strange small 
hills are shaped during the deposition of the debris mass or 
together with its successive deformation. Presence of 
hummocky is a typical feature of rock avalanche  (Strom et al., 
2006). 
In each phenomenom we can distinguish three phases: the 
triggering, the propagation and the emplacement. 
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2.2. Triggering 
 
The rock mass must first separate from the main massif, 
accelerate down-slope, and only then form a rock avalanche 
(Evans et al., 2006). 
The triggering is dominated by quasi-static processes (apart 
from earthquakes), while the propagation and run-out are 
dominated by dynamic processes and thus display a non-linear 
behaviour. 
Between the causes that lead to the triggering there are the 
unfavourable geological, structural and tectonical conditions of 
the site. Very tilted layers, many families of joints, and 
seismicity are negative factors that can lead to the development 
of rock avalanches. 
The ice retreat of the glaciation caused significant stress relief 
on mountain slope, which can trig landslides including rock 
avalanches (Abele, 1974). 
Water does not have important influence on the triggering and 
on the motion; this is confirmed by the similarity between rock 
avalanche deposit on Earth and those surveyed on the Moon and 
on Mars, where water is not observed at surface and 
environmental, atmospherical and gravitational conditions are 
very different (Shaller & Komatsu, 1994). 
Seismic shacking can be a direct or an indirect causes. The 
example is the rock avalanche from Zuslan Creek: the July 23, 
1988 Tsambagarav earthquake in Mongolian Altai (M 6.4) 
formed only a large fissure on the slope, then, 13 days later, a 
rock-ice avalanche 6x108 m3 in volume descended from the 320 
m high scar and moved 5 km along Zuslan Creek (Strom, 2006). 
 
 
 
 
 
	   15	  
2.3. Motion 
 
The term “avalanche” does not refer to any material type or any 
transport and failure mechanism, but relates to peculiar 
kinematic aspects of the movement of the material involved. 
The avalanches behaved as visco-plastic fluids or dispersive 
grain flows with semi-rigid upper parts moving upon laminar 
flowing lower parts (Schulz et al., 2002). 
To understand the motion and the energy to the rock avalanche, 
it is fundamental know the local morphology. The literature 
distinguishes three ways in which the local morphology controls 
the shape and motion of such landslides. The three different 
situations are characterized as follows: -­‐ 1: channeling of the debris mass; -­‐ 2: un-obstructed spreading of the debris mass; -­‐ 3: right-angle or “almost right-angle” impact against an opposite 
slope. 
 
Mobility of rock avalanches decreases going from situation 1 to 
situation 3. As local morphology exerts its action ("geomorphic 
control") by influencing the rate of dissipation of the total 
mechanical energy involved in the process, the three cases are 
respectively defined as low-energy-, moderate-energy-, and 
high-energy-dissipative (Nicoletti & Sorriso-Valvo, 1991). 
 
Several hypotheses have been proposed regarding the movement 
mechanism but any have been fully accepted. 
The main mechanism theories that can transport so far the 
material are the following: 
 -­‐ Fluidization: caused by incorporation of air that causes the 
reduction of the friction, transforming the granular flowing in a 
fluid. This process would be able to explain the long run-out of 
the rock avalanches (Kent, 1965). 
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 -­‐ Cushion of air: presence of a cushion of trapped air on which the 
landslide is transported as an hovercraft (Sherved, 1968). 
 -­‐ Present of rock dust as an interstitial fluid. This would keep the 
particles of rock in suspension reducing the energy dissipation 
due to friction. In this way we could explain the low friction 
during the run-out (Hsü, 1975). 
 -­‐ Mechanical fluidization: dilation of the grain mass due to high 
impulsive contact pressure and the consequent reduction of 
internal friction. In this way the upper part of the rock mass 
remains essentially un-shared with the consequence of 
preservation of the retention of the sequential order (Davies, 
1982). The mechanical fluidization can be caused by ground 
vibration during earthquakes that could trigger rock avalanches 
(McSaveney, 1978). 
 -­‐ Acoustic fluidization: high-frequency vibration which may be 
able to temporarily lighten the static overburden pressure in 
limited sectors of the moving mass (Melosh, 1980). 
 -­‐ Dynamic fragmentation: dilatancy effect can be produced by 
dynamic fragmentation caused by local stress concentrations in 
the clasts to exceed the strength of the rock, whereupon the 
clasts fragment explosively (as it would occur in a laboratory 
unconfined compression test, or in a mine rock burst). 
Fragmentation results in dilation of the rock mass and creation 
of void space. During the run-out, the dynamic fragmentation, 
repeated billions of time, generates an internal dispersive stress 
in the longitudinal direction that makes the debris mass 
spreading to an extension greater than that would occur without 
fragmentation.  
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The fragmentation hypothesis does not require low internal or 
basal friction coefficients or particular environmental conditions 
(Davies et al., 1999).  
 
 
2.4. Run out 
 
An extensive literature is available about rock avalanches but 
despite the several studies carried on out, no satisfactory or 
universally accepted explanation has yet been proposed for the 
long distance travelled by rock avalanches. 
The run-out of typical landslides is two or three time the high of 
the top to the detachment area, while in the rock avalanche the 
run-out can exceed 30 time the high of the one. 
Run-out is caused by a low apparent friction in the motion of 
rock avalanches. The mobility of rock avalanches is often 
expressed as the tangent of the internal angle of friction express 
as the ratio H/L, where L is the horizontal travel distance, and H 
is the vertical drop, both measured between two points: one at 
the top of the landslide crown, and one at the tip of the deposit. 
Some author considering the barycentre from the detachment 
area and the barycentre from the deposit, but in this method is 
difficult estimate the right centres of mass. 
Smaller is the ratio and more mobile is the rockslide. Following 
the Coulomb low of friction, the ratio H/L expresses the 
apparent friction coefficient tan(Φ') of the material. 
 
H/L = tan(Φ') = µ 
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Figure 2. Definition of geometrical parameters used to estimate 
rock avalanche run-out ( Cruden & Varnes, 1996) 
 
Typically, for rockslide, the normal coefficient is about 0,6 with 
travel distance angles about 32° while for rock avalanche angles 
are typically between 11° and 23°. This don’t respect the run-out 
predict by the Coulomb slide block model (Sherved, 1968; Hsü, 
1975; Melosh, 1980). 
The mobility and therefore the run-out increase with the volume 
of the rock avalanche. 
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3. The Mt. Peron rock avalanche 
 
 
The Alps are disseminated with deposits due to rock slope 
collapses; the intensity of large rockslides is relatively high in 
areas of sedimentary rock especially in the Northern and in the 
Southern Calcareous Alps (Von Poschingher, 2002). 
In particular, in the Venetian Dolomites there are more deposits 
catalogued as rock avalanches: Lavini di Marco (2x108 m3), 
Marocche di Pietra, Molveno, Marocche di Lasino, Castel-Pietra 
in the Trentino region (northern Italy), Masiere di Vedana-Mt. 
Peron (108 m3), Vajont (3x108 m3), Fadalto, Antelao (5x108 m3), 
in the Belluno province, northern Italy (Eisbacher & Clague, 
1984). 
 
In this thesis it was decided to study the Mt. Peron rock 
avalanche. 
 
 
Figure 3. Distribution of the major rock slides in the Alps. The 
Mt. Peron rock avalanche is represented with number 6 
(Eisbacher & Clague, 1984). 
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Figure 4. Extension of Mt. Peron rock avalanche. 
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3.1. Geographic setting 
 
 
Figure 5. Localisation of Mt. Peron rock avalanche in the 
Veneto Region (North-eastern Italy). 
 
The Mt. Peron rock avalanche deposits is situated in the north-
eastern Italy, Venetian region, 10 km NE of Belluno city. 
The rock avalanche was detached in post-glacial time from the 
Peron Mount (1486 m.a.s.l.) that is situated in the right side of 
the Belluno Valley excavated by the Piave river and in the left 
side of the Coredovle valley. The Belluno Valley is a wide 
valley oriented ENE-WSW within a syncline, situated between 
the southern part of Dolomites (right flank) and the Belluno 
Prealps (left side) which separated the valley from the Venetian 
Plane. 
The big deposit is located on the right side to the Piave river and 
on the left side to the Cordevole river that is the main affluent of 
Piave; they combine few kilometres to the Peron Mount and 
with the Mis river (affluent of Cordevole) they formed at their 
confluence a big alluvial-plane. 
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Mt. Peron belongs to the southern part of Dolomites and is 
situated in the southern part of the famous Serva Group and at 
the east from the Monti del Sole mountain range. 
 
3.2. Climate  
 
The Belluno province is located between the Venetian plain and 
the inner part of the alpine range, and so it is characterized by a 
climate transitional between the continental alpine climate and 
the sub-mediterranean type. The regime of precipitations is 
strongly influenced by the orography, with lower values in the 
valley (1300 mm/year), higher in the mountain slopes (1800 
mm/year) and maximum on the peaks (about 2000mm/year) 
which are more exposed to the atmospheric agents (Pellegrini et 
al., 2000). 
 
3.3. Geomorphologic setting 
 
The Mt. Peron is composed of limestones of Mesozoic 
formation and Tertiary formations typically of the Belluno 
Valley. 
The area was extremely interested from tectonic process, thus 
the layers of the left side of Belluno Valley have an inclination 
of about 80° and form a singular hogback structure. Mt. Peron 
belong to the right flank from a kilometric south-vergent fold 
called Coppolo-Pelf anticline. This fold was formed from the 
Belluno line, an important thrust oriented WSW-ENE situated at 
the base of Peron Mount. This region is tectonically active and 
is one of the most active areas in the Northeaster Italy 
(Zanferrari et al., 1982). 
 
 
 
	   23	  
Belluno, Cordevole and Mis valley were modelled by glacier 
that during Pleistocene occupied these valley with a maximum 
thickness estimated of 800 meters in the Belluno valley 
(Pellegrini et al.,2006). 
On the plain in front of the Mt. Peron three glaciers flowed. The 
main was the Piave glacier coming from NE; this joined the 
Cordevole Glacier coming from N and the Mis Glacier from 
NW.  The complete melting of the Piave glacier in the Belluno 
Valley occurred before the Bølling interstadial before 15,000 
years BP. (Pellegrini et al., 2006) 
 
 
Figure 6. The Mt. Peron position respect to the Piave, 
Cordevole and Mis glaciers during the deglaciation (Pellegrini 
et al., 2005).  
 
3.4. Geologic setting 
3.4.1. Geological evolution 
 
The studied area represents the northern segment of eastern 
margin of the Trento Platform in transition with the Belluno 
basin to the East (Masetti & Bianchin, 1987), representing the 
typical Late Triassic-Miocenic successions of the eastern 
Southern Alps . 
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Figure 7. From the “Foglio Belluno” geological map. 1 – 
Debris; 2 – Active fluvial deposits; 4 – Peats deposits; 5 – 
Postglacial fluvial deposits; 6 – fluvial and fluvioglacial 
deposits from the last glaciation  8 – Landslides deposits; 19 – 
Libano Sandstone; 21 – Bastia Siltstone; 22 – Belluno 
Glauconitic Sandstone;  25 – Belluno Flysh 28 – Scaglia Rossa; 
30 – Maiolica 31 – Rosso Ammonitico Superiore and Fonzaso 
Formation 32 – Calcare del  Vajont; 35 – Calcari Grigi Group; 
36 - Dolomia Principale; 
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During the Late Triassic, the studied region was characterized 
by a tropical climatic condition, with a warm and arid climate, 
with the deposition of the Dolomia Principale platform that was 
a cyclic peritidal succession upper Carnian-Rhaetian in age. 
During the late Norian, an important tectonic phase linked to the 
opening of Atlantic Ocean, formed extensional faults oriented in 
NS direction, which caused the fragmentation.of the Dolomia 
Principale Fm. This fragmentation caused the creation of a horst 
and graben morphology with the Belluno Trough bordered from 
Trento Platform on NW from the Marmol line and Friuli 
Platform on SE (Masetti & Bianchin, 1987). On the Trento 
Platform, in tidal flat condition, the Calcari Grigi Group 
consisting of limestones and oolitic sand coming from the inner 
platform deposited from the lowermost Jurassic. Coeval to the 
lower portion of the Calcari Grigi Group, the Soverzene 
Formation deposited within the Belluno Basin. The Soverzene 
Fm is characterized by dolomites and locally by grey 
bituminous micrites (Hettangian – Upper Pliensbachian) 
(Masetti & Bianchin, 1987). In Late Sinemurian, the activation 
of the Coro-Medone line, located west of the Marmol line, 
caused the collapse of a marginal sector of the Trento Platform 
and its margin shifted along the eastern flank of the Cordevole 
Valley. (Masetti & Bianchin, 1987), ending with the rapid 
drown of the Trento Platform, which evolved into a high pelagic 
bottom. During Toarcian an oceanic anoxic event is documented 
in the basin by the organic-rich shales of the Igne Formation. 
(Jenkyns & Clayton, 1986). 
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Figure 8. Paleogeographic setting of the Italian Southern Alps 
in the Lower Jurassic. The Mt. Peron was situated in the eastern 
margin from the Trento Platform. (Avanzini et al, 2006) 
 
During the Middle Jurassic, the deposition of the Rosso 
Ammonitico Inferiore just above the drowned Trento Platform, 
represents a decrease in carbonate sedimentation, with 
accumulation of bioclastic (e.g. crinoids, ammonites) and 
formation of hardgrounds. 
Only the eastern area represented by the Friuli (carbonate) 
Platform remained productive up to Cretaceous. On the Friuli 
Platform the accumulation of oolitic sandstone rich in bioclasts  
on the western flank caused turbidity currents, which deposited 
within the Belluno Basin with the deposition of the Calcare del 
Vajont (Bosellini et al., 1981).. 
Between Batonian and Callovian (late Middle Jurassic),the 
Friuli Platform emerged, interruping the production of oolitic 
sand. Coevally,  the Belluno Basin is characterized by the chert-
limestones deposition of the Fonzaso Formation. Successively, 
the Rosso Ammonitico Superiore deposited both on the Fonzaso 
and Rosso Ammonitico Inferiore Fms. The  Rosso Ammonitico 
Superiore is charactered by a low deposition rate, representing 
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ca. 10 million years in few meters of thickness (Masetti & 
Bianchin, 1987). 
At the beginning of Cretaceous, about 150 million years ago, 
Maiolica Fm consisting in planktonic calcareous mud, deposited 
in the basins. The subsidence increased overcoming the 
sedimentation rate, and also the Friuli Platform drowned 
definitely.  
 
During the Late Cretaceous the beginning of the Alpine orogeny 
deeply affected all those formations deposited within the 
Belluno Basin. During the second phase, named Mesoalpine 
phase, N-S compression caused west-vergent thrusts (Doglioni, 
1987). Emerged areas were eroded and the produced sediments 
accumulated on the Cretaceous scarps ledge as turbiditic 
deposits, which are represented by sandstones and marls of the 
Belluno Flysh Formation. Between this Formation and the 
overlying Belluno Glauconitic Sandstone representing shallow 
water deposits with low sedimentation rates, an hiatus of ca. 10 
My is documented. 
During the third and last Neoalpine phase (Late Oligocene), the 
erosion and the siliciclastic input into the foreland basins are 
documented by the Molassa Veneta. In particular, in the study 
area, it is possible to observe the silicislastic input of the Bastia 
Siltstone, the fan delta sediments of the Libano Sandstone and 
the marls of the Bolago formation, deposited during a marine 
transgression. Furthermore, during the Neoalpin phase, the 
NNW-SSE compression developed important thrusts, such as 
the Valsugana thrust, Belluno thrust, Bassano thrust often 
related to locally important folds (e.g. Belluno thrust/Coppolo-
Pelf fold) (Doglioni, 1987). 
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Figure 9. Stratigraphic chart of the formations present in the 
Mt. Peron area. 
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3.4.2. Formations 
 
The formations involved in the rock avalanche and recognized 
in field are briefly described. These formations are: Calcari 
Grigi Group, Rosso Ammonitico Inferiore, Rosso Ammonitico 
Superiore, Calcare del Vajont, Fonzaso Formation and Maiolica. 
 
3.4.1.1. Calcari Grigi Group (Hettangian – Pliensbachian) 
 
In the studied area, the Calcari Grigi Group is not divided 
following the formal description by Avanzini et al. (2006), since 
this area is situated on the northern segment of the eastern 
margin of the Trento Platform (Masetti & Bianchin, 1987) 
where the retrogradation of the platform during the rifting phase 
caused the deposition of the basin formations above carbonate 
platform deposits. 
In the studied area it is possible to identify only two informal 
units: 
 -­‐ the lower peritidal unit consists of white dolomite organized in 
peritidal shallowing-upward cycles. The upper portion of each 
cycle is made of stromatolitic dolostone produced during 
subaerial exposures, along with polygonal cracks, tepee and 
birdseye structures to microstalactic cements and other products 
of vadose diagenesis (Avanzini et al., 2006). Sporadic oolitic 
bioclastic calcarenites are also present in this unit. The lower 
limit with the Dolomia Principale Formation is characterized by 
100 meters of dark dolomite organized into decametric beds 
with bimodal cross lamination (Masetti & Bianchin, 1987). The 
total thickness is about 500 meters. 
 
	   30	  
 
 -­‐ the upper unit is primarily formed by calcarenites and 
calcirudites with oolites, oncolites and intraclasts, organized in 
metric layers, light brown in color. It’s possible to observe cross 
lamination and low-angle lamination (Casati e Tomai, 1969). 
The transition from the peritidal unit and the oolitic calcarenite 
unit, is considered a litostratigraphic marker, Upper Sinemurian 
– Domerian  in age, easily correlated to the Rotzo Formation 
(Masetti & Bianchin, 1987). The thickness of this unit is about 
350 meters.  
 
3.4.1.2. Rosso Ammonitico Inferiore (early Alenian – early 
Bajocian ) 
 
This Formation deposited on the plateau representing the 
drowned Trento carbonate Platform during the Middle Jurassic. 
The Rosso Ammonitico Inferiore consists of pink, grey-greenish 
and sometimes yellowish nodular limestone rich in pelagic 
lamellibranchs (Posidonia alpina) and protoglobigenirids, 
organized in meter sized condensed packs toward the top and in 
thin layers with marly intercalations at the base. Condensed 
packs are packstone-grainstones in which the pelagic bivalves 
are associated with peloids, intraclasts, echinoderm fragments 
and foraminifers. In many cases, an intense bioturbation is 
evident. The macrofauna is characterized by ammonites, 
belemnites, pelagic bivalves and echinoderms.  
In the studied section, significant limonitic hardground with 
ferrous-manganesiferous nodules has been recognized. 
The thickness is about 10 meters in the Cordevole valley and 2-
3 meters on the Peron Mount. 
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3.4.1.3. Vajont Limestone (Bajociano Batonian – Callovian) 
 
Oolitic calcarenites, white-light grey in colour, with well-
stratificatified centimetric brown micritic layers, the thickness of 
which depends on the volume of the turbiditic flows, 
characterized by parallel and cross laminations. . This Formation 
represents the deep-sea fan originated from the Friuli Platform 
that slowly filled up the Belluno Basin (Bosellini et al., 1981). 
In the calcareous beds, it is possible to recognized bentonik 
foraminifers (Protopeneropoli, Trocholina), crinoids, corals, sea 
algae and molluscs, such as pelagic bivalves, and sponge.  
The thickness is about 250 metres. 
 
3.4.1.4. Fonzaso Formation (Callovian - Oxfordian) 
 
The Fonzaso Formation, which is in transition with the Vajont 
Limestones Formation (Bosellini et al., 1981), consists of lime 
mudstones with recrystallized nannofossils and abundant 
radiolarians. The bedding varies from nearly parallel to wavy, 
with thin clay interbedding layers. 
The lower part is composed by green radiolarites (thick about 20 
m), gradually passing into lenticular siliceous layers, reddish in 
colour. Above this, pelagic limestone replaced the grey chert 
lenses that decrease in quantity upwards (Winterer and 
Bosellini, 1981). The middle part is instead composed by white-
grey peloidal and oolitic grainstones with marls interbeds 
(Beccaro et al., 2008). The formation ending with 10 m of red 
and green siliceous micritic limestones with clay interbeds and 
aboundant chert lens and nodules, is known as “Scisti ad aptici” 
(Beccaro et al., 2008).  
The macrofauna is represented by belemnites and rare ammonite 
aptychi. Recrystallized nannofossils, radiolarians, and fragments 
of pelagic crinoid belonging to genus Saccocoma are visible at 
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both macro- and microscopic level. The thickness is about 130 
meters. 
 
3.4.1.5. Rosso Ammonitico Superiore ( Late Kimmeridgian -  
Early Titonian) 
 
In the Belluno Valley, the Rosso Ammonitico Superiore 
Formation shows the peculiar nodular structure due to the 
bioturbation and presence of stromatoiltic mounds (Casati e 
Tomai, 1969; Winterer & Bosellini, 1981). It consists of pink 
micritic limestone with red chart, radiolarians and ammonites, 
intercalated with dark red encrinitic limestones. The latter are 
wackestones and subordinated packstones with Saccocoma and 
fragments of other echinoderms, peloids, radiolarians, aptychis, 
small ammonites, foraminifers, and pelagic bivalves. The upper 
part of the Formation is white in colour with very thin green 
layers and it has been use as decorative stone, called “ Bianco 
Titoniano” or “Verdello” (Giordano & Toffolet, 2002). The 
thickness is about 25 metres. 
 
3.4.1.6. Maiolica ( Upper Titonian – Lower Aptian) 
 
The Maiolica Fm is represented by pelagic nannofossil 
limestone organized in whitish centimetric to decametric layers 
with abundant stylolits, caused from presso-solution, with a 
thickness of about 220 meters. The lower part is characterized 
by an alternation of bioclasts and peloid turbidites and pelagic 
micritic (mudstone and wackestone) deposited by decantation of 
planktonics (tittinids, sponge and radiolarians) from the water 
column, with beds or lenses of black to yellowish chert (Masetti 
& Bianchin, 1987). Above this, there are 40 meters of micritic 
and grey marl bioturbated with planktonic foraminifers.  
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The topmost of the Formation shows 7 meters of the 
characteristic green-reddish nodular wackestone and packstone, 
a lithomarker  present throughout the Belluno Valley (Masetti & 
Bianchin, 1987). Total thickness is about 270 meters.  
 
4. Previous study and history 
 
Many interpretations were given over the years about the 
deposits called “the Vedana Ruins” or “Masiere di Vedana” or 
“Marocche di Vedana”. The name “marocca” has been used by 
several scientists to identify this large deposit interpreted for 
several years as a landslide fell on a glacier and transported for 
many kilometres down to the Mt. Peron. 
 
The first that studied this deposits were the engineer Lucio 
Mazzuoli and the Austrian geologist Hörnes which interpreted 
them as a postglacial rockslide fell onto the Cordevole glacier 
when it was filling the lower valley, but its tongue was already 
separated from the Piave glacier (Mazzuoli, 1875; Hörnes, 1876; 
Taramelli,1887; Dal Piaz, 1912; Venzo, 1939). The rockslide 
fell on the glacier and was transported for several kilometres 
down to the Belluna valley covering the Cordevole glacier 
moraines located at the base of the elongate hills situated in the 
further part of the deposits (Mazzuoli,1875; Hörnes, 1876). To 
accept this interpretation and understand why the Vedana 
deposits are so extended, many landslides had  to occur in 
different times (Taramelli, 1887). Taramelli did not agree with 
this interpretation for both either the glacial deposits or the 
conical and elongate hills present to the south of Torbe. He 
asked to Mazzuoli and Hörnes where and if in the glacial 
amphitheatres of the Alps is possible to observe hills like the 
one present in Vedana (Taramelli, 1887). 
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The Taramelli hypothesis was that the Mt. Peron landaslide had 
formed a dam lake in the Cordevole valley, and its collapse had 
distributed the deposits onto the plain. 
 
The geologist Dal Piaz also accepted the interpretation of the 
Mt. Peron rockslide as a “marocca” on the base of the lack of 
continuity between the deposits and the mountain’s wall, 
without boulders corresponding to the depressed area with peats 
and lacustrine deposits (Dal Piaz, 1912). 
Venzo (1933) described the geomorphology of the Belluna 
Valley and interpreted the deposit like a big fan formed by 
enormous rockslides transported by the glacier at the end of 
Wurmian. 
 
In the explanation notes of the Belluno geomorphological map 
(Pellegrini et al., 2006) 
described the stratigraphic sequence from the bottom to the top 
of deposits, allowed studying  the Sass Muss section, situated in 
the middle part of the deposits, and the excavations into the  
deposits (Pellegrini, 1996), (Pellegrini et al., 2006). 
 -­‐ 1. Bedrock of Bolago Marls: this is the younger formation in the 
Belluno Syncline (Burdigalian) constituted from glauconitic 
sandstone and grey-greenish siltstone in the lower part and dark 
marl with intercalation of siltstone and sandstones with more 
fossil in the upper part. 
 -­‐ 2. Roe Conglomerate (Sass Muss): 30 m of sub-level layers with 
rounded pebbles, gravel and sand strongly cemented classified 
as fluvio-glacial deposits of interglacial Ris-Wurm phase 
(Venzo, 1939). Lithologies derived from typical formations 
present in the Cordevole Valley with predominant limestone and 
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dolomite; therefore the conglomerate is classified like an old 
riverbed of the Cordevole. 
 -­‐ 3. Paleosol: thickness of 60 cm partially truncated on the top 
from an upper A level, with a red-brownish (5YR4/3) level B 
dated TL 107 ±16 ka BP. 
 -­‐ 4. Moraine deposits: observed in the quarry, NE of Sass Muss. 
The thickness is from one to ten m.  They are constituted of the 
typical formations from the Belluno Valley. There is a 
diamicton with evident deformations due to the drag into a 
thrust. In a clay wedge have been dated using 14C, some wood 
pieces yielded 38.000 ± 2000 years and 42.000 ± 3100 years. 
 -­‐ 5. Glaciolacustrine sediments: situated in a depression to the 
Roe Conglomerate some clayey sediments have been dated with 
thermoluminescence 19.7 ± 30 ka. 
 -­‐ 6. Glacial deposits: thickness of 1-20 m. Limestones and 
dolomites coming from the last part of the Cordevole valley 
with pebbles of less than 20 cm and a matrix rarely clayey. 
 -­‐ 7a. Landslide deposit transported by the glacier (Marocca del 
Cordevole) made of  angular blocks and clasts of Fonzaso 
Formation, Rosso Ammonitico, Maiolica and Calcare del 
Vajont. This sediments have been transported for maximum 5,5 
km (Pellegrini et al., 2006). The more coarse sediments are in 
the upper part and they are visible in the further part of the 
deposits. 
 -­‐ 7b. Landslide deposits made of large block of Calcari Grigi 
Group and Calcare del Vajont.  
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It has not been possible to obtain a direct age of the landslide 
deposits, but the stratigraphic relationships show that the 
deposits must be younger than the Last Glacial Expansion and 
the age of the landslide deposits (7a and 7b in Fig. 10) should be 
quite close to that of the glacial deposits 6 since paleosols or 
erosional surfaces were not observed between the two deposits 
(Pellegrini et al., 2006). 
 
 
Figure 10. Stratigraphic section of the Mt. Peron landslide 
deposits. 1: Bedrock; 2: Roe Conglomerate; 3: Paleosoil; 4: 
Glacial deposit; 5: Glaciolacustrine deposit; 6: Glacial deposit; 
7a) landslide de- posit transported by the glacier (Marocca del 
Cordevole) made of Fonzaso Formation, Rosso Ammonitico 
Superiore and Calcari del Vajont; 7b) landslide deposit made of 
large blocks of  Calcari del Vajont  and Calcari Grigi Group. 
(Pellegrini et al., 2006). 
 
Pellegrini & Caneve (2009) they interpreted the upper deposits 
formed by Calcari Grigi Group and Calcari del Vajont as rock 
avalanche deposits; they distinguished these deposits from the 
deposits below and interpreted  the deposits below as landslide 
material transported by the Cordevole glacier which it was 
already separated from the Piave glacier. This phase has been 
dated between 16,210 ± 50 and 15,000 years BP (Pellegrini et 
	   37	  
al., 2005a).  
 
The interpretation of all the Vedana deposits as rock avalanche 
deposits was given by other authors which attributed the cause 
of the landslides to the bigger earthquake occurred in the NE 
Alps the 3rd January 1117 (Eisbacher & Clauge, 1984). 
 
In the past, the historian Giorgio Piloni who lived in the ‘500 
century and told about the Belluno city history collecting old 
testimonies, attributed the deposit to a terrific earthquake 
occurred in 1114 which destroyed walls and towers of the city, 
killed a lot of people and caused the landslide from the Peron 
Mount. The landslide, in the popular legend, buried the city of 
Cornia (Piloni, 1607). 
He wrote: “Fu in quell’anno (1114) così gran terremoto 
nell’Italia che non fu in molti secoli sentito il maggiore perciò 
che rovinorno per tutta la città le torri, le muraglie, li campanili 
con grande mortalità de huomini. Cascò nella città di Belluno 
gran parte della muraglia verso mezzogiorno, cascarono doi 
torre e molti casamenti di quella; s’aperse un monte verso il 
luogo di Avedana e cascò parte di quello, sepelendo sotto di se 
un grosso villaggio con tutti quelli che ivi si ritrovavano e 
questo fu il settimo giorno del mese di Gennaro. [...] Era sopra 
questo fiume Cordevale un villaggio, Cordua, detto appresso 
Vedana, eremitorio de Padri Cartusiensi, il qual fu sepolto da 
un monte che li soprastava, Martiniano chiamato, il qual rovinò 
per un terremoto grandissimo...”. 
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5. Deposits description 
 
5.1. Rock avalanche deposits 
 
The Masiere di Vedana deposits, due to the Mt. Peron rock 
avalanche or to material transported by the Cordevole Glacier, 
are extended over two areas separated by a NE-trending ridge: 
one from the base of Mt. Peron  over 4,5 km in lenght to Roe 
Alte, and an other area over 3 km to the Mis River. They, 
together, cover a total area which measured with ArcMap is of 
19.5 km2, attending a total rock volume of 108 m3 (Abele, 1972) 
or 8 x 107 m3 (Cuman, 2006). 
The maximum thickness measured in the numerous quarries is 
40 m (Pellegrini et al., 2006) 
 
Based on morphology and lithologies, it is possible to 
distinguish three main parts of the deposits. The first  (A in Fig. 
11) is situated on the western part of the deposit on the right side 
of the dorsal; it is composed from big boulders of the “Calcari 
Grigi” Group, from tens metre cubic in size and near the wall 
can reach the volume of thousand meter cube (Pellegrini & 
Caneve, 2009). 
The second part (B in Fig. 11) is situated in the middle of the 
deposit on the left side of the dorsal, and consists of “Calcari del 
Vajont” boulders and debris of medium and small size. This part 
is very few vegetated in respect the third part which is 
composed principally by Fonzaso, Rosso Ammonitico Superiore 
and Maiolica Formations (C in Fig.11). In this third part the 
morphology is totally different and only few boulders are visible 
emerging in the meadows where some houses are built. Here the 
blocks are extremely fragmented attending centimetric  size.  
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The difference among the different parts of the deposits is due to 
the original layer thickness and strength of the involved 
lithologies. In fact the Fonzaso Formation, Rosso Ammonitico 
and Maiolica are characterized by thin (20-30 cm) layers while 
Calcari Grigi Group and Calcari del Vajont occur in metric 
layers. 
In the deposit, the original sequential order of rock layers before 
the fall is preserved. In fact, on the Mt. Peron slope Maiolica 
(Cretaceous), Rosso Ammonitico Superiore and Fonzaso 
Formation (Jurassic) are in order the outer formations and then 
the first to fall and to get as far, while Calcare del Vajont and 
the Calcari Grigi Group are the inner formations and they form 
the deposits at the feet of the mount. 
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Figure 11. Lithology distribution of rock avalanche deposits. A) 
In blue deposits composed principally in Grey Limestone 
Group. B) in light blue deposits composed principally in 
Calcare del Vajont. C) in orange deposits composed principally 
in Rosso Ammonitico Sup., Fonzaso Fm and Maiolica  Fm.  
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Geological sections across the quarries situated in the part B of 
the deposit show a block coarsening upward. In the lower part 
the material is extremely fragmented with maximum size of 
clasts 20-30 cm immersed in a matrix constituted of finely 
comminuted rock granules. The higher part is composed of large 
angular boulders sometime with some meter cube of volume. 
 
 
 
Figure 12. Typical clast coarsening upward in a deposit section. 
Blocks are concentrated at the top of the deposits. 
 
Between the Mt. Peron feet and the main deposit, a 1,5 km long 
and 600 meter large depressed area occurs where none boulder 
is present. This area is mapped in the geological map of Belluno 
as filled by lacustrine deposit. The falling of the Mt. Peron rock 
avalanche has possibly blocked the Cordevole Valley forming a 
dam-lake. 
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Other parts near and into the deposits are also characterized by 
absence of blocks, in particular in the western part, where a 
large plane surrounded by toma with peat deposit covers a 
surface of 1.2 km2. This location is called Torbe (peats). Around 
Torbe there are some a few meter high hills covered by big 
boulders of Calcari Grigi Group. Observing a section of a hill 
situated in the north of the plane, excavated for using the debris, 
the material appears extremely fragmented with maximum clast 
size of 20-30 cm. Lithologies are Calcari Grigi Group and with 
some clasts of Calcare del Vajont. 
 
 
 
 
 
Figure 13. Toma situated in the lower part of the rock 
avalanche deposits. The recent excavation shows the extremely 
fragmented material immersed in a matrix constituted of finely 
comminuted rock granules. 
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Figure 14. The plane of Torbe in the western part of deposits. In 
this peat deposit, surrounded by toma none boulder occurs. 
 
 
The hills, in the south of the plane, are covered by decametric 
boulders of Calcari grigi Group. At the base of these hills some 
deposits constituted by rounded pebbles in sandy and clayey 
matrix of the Cordevole and Mis Valley are found. These 
deposits are derived from the glacial deposits of Cordevole and 
Mis Glaciers left here in the Upper Pleistocene at the end of the 
Last Glacial Maximum expansion (Pellegrini & Caneve, 2009). 
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Figure 15. Glacial deposits derived from Formations of the 
Cordevole River valley. 
 
Observing the morphology of the alluvial deposits, situated on 
the right side of the ridge formed from the Molass complex, 
there are more strange conical hills (“toma”) isolated from the  
surrounding deposits. On the left side of the ridge, instead, there 
are some little elongated hills which form transverse levees. 
Studying aerial photographs, it is possible to distinguish 8-9 
arched ridges and furrows arranged perpendicularly to the 
landslide propagation direction. 
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Figure 16. Transverse levees in the middle part of deposits 
(Flash Earth) 
 
In the western part of the alluvial plane there is the Vedana 
Lake, which has a surface of 9 ha (ARPAV, 2009). To the south 
of the lake, a little valley, called Ramon Valley, is covered by 
boulders and debris of Calcari Grigi Group.  
The lake and the valley represent the old riverbed of the 
Cordevole River which flowed here before the rock avalanche. 
Lake and Ramon valley river are probably alimented now from 
the Cordevole aquifer.  
 
5.2. The deposits at the feet of the Mt. Peron S wall 
Observing the south step wall of the Mt. Peron, is possible to 
distinguish two parts of the deposits situated at the feet of the 
southern wall. In the western part the deposit is made of the 
Calcari Grigi Formation and Calcari del Vajont  as big boulders. 
In the eastern part, the debris is constituted by decametric 
boulders of Fonzaso Formation and Rosso Ammonitico 
Superiore which form a large fan. The deposits have an 
inclination greater than 36°. 
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6. Geological map and profiles 
 
The geological map and the profiles were made using ArcMap 
software.  
 
6.1 Geological map 
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Figure 17. Mt. Peron rock avalanche geological map 
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6.2. Geological profiles 
 
Five profiles have been made that could describe the main 
characteristics of the rock avalanche deposits. Profiles A, B, C 
and D are almost perpendicular to the rock avalanche flow 
direction, while the profile E is parallel to the flow. This profile 
well describes the geological setting from the Mt. Peron and the 
structural setting with very inclined layers reversed near Belluno 
thrust. In the southern part of the Belluno Line is possible to 
observe an anticline stricture formed by Belluno Flysh and the 
big Belluno syncline formed by the Molassa Veneta. 
 
From the profiles it is possible to understand the ratio of the 
deposits and see that the part C formed principally from Fonzaso 
Formation, Rosso Ammonitico Superiore and Maiolica Fm. are 
in the further part of deposits and, in the middle part of rock 
avalanche deposits, are partially recovered by the Calcare del 
Vajont deposits; Calcare del Vajont deposits  are covered, near 
the Mt. Peron’s wall, by Calcari Grigi Group deposits. Therefore 
profiles show the well preservation to the original layers 
sequence converted into a stratified body composed of layers of 
homogeneous lithology. 
This singular deposits disposition it is well represented in C-C’ 
profile. 
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Figure 18. Geological profiles 
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7. Structural setting 
 
Observing the Peron Mount and the mountains surrounding, it is 
possible to understand immediately that tectonic process had an 
important role in the scenery evolution. 
The mountains on the right side of the Belluno Valley have 
more inclined layers, sometime almost vertical. 
 
7.1. Over-view 
The studied area is tectonically situated in the Southern Alps in 
the south of the Insubric Line and belong to a SSE-vergent 
thrust belt of mainly Neogene. (Doglioni, 1990) The main 
thrusts forming the belt are from the northern Valsugana Line, 
Belluno Line, Bassano Line and  Montello Line which have 
caused 30 km of crustal shortening (Doglioni, 1987). 
The sediments cut by the thrust are characterized by a cut-off 
angle ranging between 5° and 45°. The preferred decolling 
layers are the Tertiary Possagno Marl and the Late Cretaceous 
Scaglia Rossa. (Doglioni, 1990) 
Every thrusts are accompanied by ramp-fold anticline. 
 
 
 
Figure 19. Location of the study area in the structural Alpine 
context (Doglioni, 1990) 
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From the Early Jurassic the studied area was interested by the 
formation of normal fault with NS direction, which formed horst 
and graben morphology (Bosellini et al., 1981). From the west 
the horst called Trentino Platform was separated from the 
Belluno Basin by the Marmol Line and later on, during 
Sinemurian, from the Coro Mount-Medone Valley Line. The 
Mt. Peron is situated immediately on the west from the Coro-
Medon Fault, therefore was situated on the Trentino Platform 
margin. 
In the Neoalpine phase the Belluno thrust has been formed with 
his ramp-fold called Coppolo-Pelf Anticline. This fold is 
typically an asymmetric fold, with the Mesozoic Limestones 
that cover the Tertiary formations. On the north flank layers are 
weakly inclined while in the south one they’re almost vertical 
with an average inclination of 80°. 
The Mt. Peron is situated in the southern flank of the ramp-fold 
anticline on the hangingwall of the Belluno Line passing at the 
base of the mount. 
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Figure 20. The anticline in the hangihgwall of the Belluno thrust 
carrying the Mesozoic sequence over the Tertiary Paleocene-
Eocene flysh and the Oligo-Miocene molasses in the footwall. J 
– Jurassic; DP – Dolomia Principale; T – Tertiary. The blue 
line is the limit of rock avalanche deposits. (modified from Mem. 
Des 82, Dolomite field trips) 
 
The faults present in the Peron area have two preferential 
directions. The main faults set (A) is oriented WSW-ENE 
parallel to the Belluno Line therefore they were formed during 
the Neoalpine phase. 
A second set of faults (B) is present too and are oriented NS. 
These faults are parallel at the Coro-Medone Fault and belong to 
the Early Jurassic period. 
The second fault set is older than the first. 
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A) 
 
B) 
 
Figure 21. Preferential faults orientation: A) WSW-ENE; B) N-
S 
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Figure 22. Structural setting on the Mt. Peron Area. 
 
Studying the faults disposition is possible observe that the three 
faults passing into the detachment zone, two oriented N-S and 
one parallel to the Belluno thrust and oriented WSW-ENE. 
 
 
6.2. Joint analysis 
 
The Mt. Peron wall is extremely fractured and considering that 
the layers have an average inclination of 80°, a joint analysis is 
more important to understand the possible wall evolution mostly 
to prevent the underlying houses from the rock fall. 
 
On the foot wall, 49 orientation from different groups of joint 
were measured. 
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n°	   Dip	   Dip	  angle	   Strike	  1	   200	   73	   110	  2	   310	   16	   220	  3	   170	   76	   80	  4	   335	   61	   245	  5	   20	   44	   340	  6	   150	   67	   60	  7	   160	   24	   70	  8	   35	   51	   305	  9	   140	   88	   50	  10	   34	   22	   304	  11	   50	   75	   320	  12	   120	   36	   30	  13	   155	   75	   65	  14	   83	   75	   353	  15	   209	   16	   119	  16	   260	   55	   170	  17	   115	   31	   25	  18	   215	   61	   125	  19	   290	   57	   200	  20	   230	   36	   140	  21	   62	   30	   332	  22	   240	   71	   150	  23	   140	   41	   50	  24	   170	   80	   80	  25	   155	   81	   65	  26	   101	   40	   11	  27	   45	   22	   315	  28	   75	   40	   345	  29	   145	   15	   55	  30	   75	   44	   345	  31	   150	   80	   60	  32	   120	   11	   30	  33	   240	   42	   150	  35	   340	   67	   250	  36	   21	   50	   291	  37	   155	   30	   65	  38	   42	   38	   312	  39	   233	   37	   143	  40	   111	   15	   21	  41	   81	   40	   351	  42	   151	   23	   61	  43	   245	   32	   155	  44	   295	   53	   205	  45	   218	   70	   128	  46	   130	   29	   40	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Tab. 1. Collected fractures data 
 
From the collected data, stereograms were created, divided for 
joint families. 
 
 
 
K1                                                                                
 
K2 
47	   40	   26	   310	  48	   207	   70	   117	  49	   299	   18	   209	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K3                                                                         
 
K4 
 
  
K5                                                                          
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K6 
 
 
STRATIFICATION 
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   Dip	   Dip	  angle	   measured	  fracutres	  Stratification	   156	   78	   7	  
K1	   216	   69	   4	  
K2	   298	   36	   4	  
K3	   236	   36	   5	  
K4	   337	   64	   2	  
K5	   54	   44	   13	  
K6	   132	   27	   14	  
 
Tab. 2. Average of dip and dip angle for every family of 
discontinuities.   
 
 
  
Figure 23. Discontinuities present on the Mt. Peron wall.  
 
Taking into consideration discontinuities and the stratification, 7 
families of discontinuties have been identified, here enclosed the 
stratification. By studing the orientations of the fracture sets, it 
is possible to understand that the more unfavorable 
discontinuities are K6 because they creating a sliding plane for 
the vertical layers cut from K1 discontinuty set. 
 
 
	   60	  
K5 discontinuities are also dangerous bacause they cut with a 
low angle the layers, and the result is a lot of suspended volume 
of rock which could detached from the wall.     
 
Considering the main faults and the joint orientation is possible 
observe that K6 fractures (dip 132N, dip angle 27°)  have a 
similar orientation to the fault N-S directed (dip 110-120N).  
The K4 fracture (dip 337, 64°) have the same orientation to the 
Belluno thrust having WSW-ENE direcction and dip 338. 
 
Studying also the boulders present into the deposits and at the 
feet of the the Mt. Peron southern wall, it is possible to find 
some blocks with a lot of fracture fill by calcite. This indicate 
that some parts of the rock mass are pre-fractured.  
 
 
 
Figure 24. Pre-fractured boulder 
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8. Samples 
 
To try to explain the deposit origin and to understand if there is 
only a phase or more, nine carbonate samples were collected 
and prepared for dating using 36Cl radionuclide. 
The choice of where to take the samples was made by observing 
the following devices: -­‐ single stage of exposure -­‐ continuous exposure in the same position (not shifted) -­‐ any coverage -­‐ minimal surface weathering or eroded 
 
Therefore the boulder, which the samples has taken, have to 
been in a stable position. 
The samples are coming from different sites of deposits. The 
Fig. 25 show where the samples are collocate in the map. 
Samples VB2a, VB3b, Vb5a, VB14 were taken on the slope at 
different high while the other samples were taken on the 
deposits at different distance from the Mt. Peron. In particular, 
VB12, VB13a and VB13b  come from the further part of the 
deposits. 
The samples VB1a, VB1b, VB2a, VB3b, VB3d, VB5a, VB10, 
VB13a, VB13b, VB14 belong to Calcari Grigi Group, VB4a, 
VB11, VB12 from Calcare del Vajont and VB3a, VB3c are 
from Rosso Ammonitico Superiore. 
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Figure 25. Location of samples into the deposits. 
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For every sample a thin section was made and later on it was 
describe and catalogue. 
8.1. VB1a 
Place of collection: megaboulder on the road side, in San 
Gottardo Village 
Coordinates: WGS 84  46,1675; 12,1146 
Altitudes: 400 
Exposition: 170/25 
Description of sample: white limestone dolomitizated. 
 
 
 
Figure 26. Thin section of VB1a samples 
Description of thin section: in this thin section it is not 
recognizable any element because the dolomitization has 
obliterated every previously structure present. 
 
Lithology: Calcari Grigi Group 
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8.2. VB2a 
Place of collection: boulder on the right side of Cordevole river, 
along the road that from Mas leads to San Gottardo 
Coordinates: WGS 84  46,15931713; 12,12019224 
Altitudes: 395 
Exposition: 200/40 
Description of sample: grey limestone with black veins 
 
 
Figure 27. Thin section of VB2a samples 
 
Description of thin section: peloidal packstone, with more 
allochemic components with micritic matrix. In the section it is 
possible to recognize fragments of echinoderm, bivalves, 
spicules of sponges, algae, foraminifers and peloids. 
 
 
Figure 28. Particular extracts from thin section: fragment of 
echinoderm, spicule of sponge and foraminifer. 
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Lithology: Calcari Grigi Group 
 
8.3. VB3a 
Place of collection: boulder decametre on the left side of 
Cordevole River, in the lower part from the Peron Mount. 300 m 
over the Mas village, along the path. 
Coordinates: WGS 84  46,16867502; 12,12509231 
Altitudes: 504 
Exposition: 160/85 
Description of sample: pinkish limestones with nodular structure 
Description of thin section: packstone with fragments of 
Saccocoma. 
Lithology: Rosso Ammonitico Superiore 
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8.4. VB3b 
Place of collection: boulder decametre on the left side of 
Cordevole River, in the lower part from the Peron Mount. 300 m 
over the Mas village, along the path. 
Coordinates: WGS 84  46,16867502; 12,12509231 
Altitudes: 504 
Exposition: 230/61 
Description of sample: dolomitizated limestone 
 
 
Figure 29. Thin section of VB3b samples 
 
Description of thin section: micritic limestone deeply 
dolomitized 
 
Lithology: Calcari Grigi Group 
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8.5. VB3c 
Place of collection: boulder decametre on the left side of 
Cordevole River, in the lower part from the Peron Mount. 300 m 
over the Mas village, along the path. 
Coordinates: WGS 84  46,16867502; 12,12509231 
Altitudes: 504 
Exposition: 150/85 
Description of sample: pinkish limestones with nodular structure 
 
 
Figure 30. Thin section of VB3c samples 
 
Description of thin section: bioclastic packstone with fragment 
of echinoderm, spicules of sponges, bivalve and calcareous 
algae. 
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Figure 31. Particular extracts from thin section: fragments of 
echinoderms, spicule of sponges and calcareous algae. 
 
 
Lithology: Rosso Ammonitico Superiore 
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8.6. VB3d 
Place of collection: decametric boulder on the left side of 
Cordevole River, in the lower part from the Peron Mount. 300 m 
over the Mas village, along the path. 
Coordinates: WGS 84  46,16867502; 12,12509231 
Altitudes: 504 
Exposition: 250/60 
Description of sample: dolomitizated white limestones  
 
 
Figure 32. Thin section of VB3d samples 
 
Description of thin section: the sample is completely 
dolomitizated. 
 
Lithology: Calcari Grigi Group 
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8.7. VB4a 
Place of collection: Lower part from the Peron Mount wall. 
Coordinates: WGS 84  46,1716; 12,1268 
Altitudes: 620 
Exposition: 155/40 
Description of sample: grey-brownish limestones 
 
 
Figure 33. Thin section of VB4a samples 
 
 
Description of thin section: oolitic and blioclastic grainstone 
with two oolitic generations. Oolites show a bad preserved 
concentric structure due to the advanced state of micritization, 
rarely with radial structure. Bioclasts are composed by 
foraminifers, fragments of echinoderms and algae. 
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Figure 34. Particular extracts from thin section: foraminifers 
and fragment of echinoderm. 
 
Lithology: Calcare del Vajont  
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8.8. VB5a 
Place of collection: decametric boulder on the left side of 
Cordevole River, in the lower part from the Peron Mount. 200 m 
over the Mas village, along the path. 
Coordinates: WGS 84  46,16759521; 12,12367188 
Altitudes: 470 
Exposition: 280/70 
Description of sample: light grey limestones with oolites 
 
 
Figure 35. Thin section of VB5a samples 
 
Description of thin section: oolitic and bioclastic packstone with 
peloids, botroids, oolites and bioclasts. . Oolites have a bad 
preserved structure due to the advanced state of micritization. 
Bioclasts are foraminifers, crinoids and algae. 
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Figure 36. Particular extracts from thin section: foraminifers 
and algae. 
 
 
Lithology: Calcari Grigi Group 
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8.9. VB10 
 
 
Figure 37. Boulder from which the samples VB10 was collected. 
 
Place of collection: boulder situated in the deposits to the east of 
the convent called ‘’Certosa di Vedana’’ 
Coordinates: WGS 84  46,16462268; 12,11251879 
Altitudes: 402 
Exposition: 51/90 
 
 
Figure 38. Samples VB10 before crashing. 
 
Description of sample: grey-whitish limestones with oolites 
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clearly visible 
 
 
Figure 39. Thin section of VB10 samples 
 
Description of thin section: one-dimensional oolitic grainstone. 
Oolites show bad preserved concentric structure due to the 
advanced state of micritization. Other bioclasts are fragments of 
bivalves, gastropods, echinoderms, bryozoa and algae.  
 
       
Figure 40. Particular extracts from thin section: bivalve, 
gastropods, bryozoan and fragment of echinoderm. 
 
Lithology: Calcari Grigi Group 
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8.10. VB11 
 
 
Figure 41. Boulder from which the samples VB11 was collected. 
 
Place of collection: boulder located northwards of Sass Muss 
section studied by Pellegrini in 1996. 
Coordinates: WGS 84  46,14182932; 12,11841204 
Altitudes: 397 
Exposition: 110/20 
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Figure 42. Samples VB11 before crashing. 
 
Description of sample: grey-brownish limestones 
 
 
Figure 43. Thin section of VB11 samples 
 
Description of thin section: oolitic packstone. 
The allochemic components are oolites, peloids and bioclasts. 
Oolites has two different size, probably because they belong to 
two different oolites generation. (Friuli  and Tranto Platforms). 
Oolites show a bad preserved concentric structure due to the 
advanced state of micritization. Bigger ones have often a radial 
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structure. Bioclasts are foraminifers, echinoderms and 
brachiopod fragments. 
 
 
 
 
Figure 44. Particular extracts from thin section: foraminifers, 
fragment of echinoderm and brachiopod. 
 
Lithology: Calcare del Vajont  
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8.11. VB12 
 
 
Figure 45. Boulder from which the samples VB12 was collected. 
 
Place of collection: boulder situated in the further part of 
deposits in the location called Roe Alte. 
Coordinates: WGS 84  46,16867502; 12,12509231 
Altitudes: 392 
Exposition: 220/20 
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Figure 46. Samples VB12 before crashing. 
 
Description of sample: grey fossilifer limestones with crinoids 
and algae. 
 
 
Figure 47. Thin section of VB12 samples 
 
Description of thin section: packstone with fragment of 
echinoderm, bryozoan and algae, subordinately  bivalves, 
peloid, and foraminifers.  Note that oolites still show a very well 
preserved radial structure. 
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Figure 48. Particular extracts from thin section: fragment of 
echinoderm, bivalve, foraminifer and oolite with well preserved 
radial structure. 
 
Lithology: Calcare del Vajont 
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8.12. VB13a 
 
 
Figure 49. Boulder from which the samples VB13a &VB13b 
were collected. 
 
 
Place of collection: decametric boulder situated in the further 
part of the studied deposits in the location called Roe Alte. 
Coordinates: WGS 84  46,16867502; 12,12509231 
Altitudes: 392 
Exposition: 126/42 
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Figure 50. Samples VB13a before crashing. 
 
Description of sample: white limestones 
 
Figure 51. Thin section of VB13a samples 
 
Description of thin section: oolitic and bioclastic grainstone. 
Oolites have a concentric and radial structure, bad preserved due 
to the advanced state of micritization. Bioclasts are fragments of 
bivalves, echinoderms, foraminifera and algae. 
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Figure 52. Particular extracts from thin section: bivalve, algae 
and foraminifers.  
 
Lithology: Calcari Grigi Group 
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8.13. VB13b 
 
This thin section has the same characteristic to the VB13a 
section because is was taken from the same boulder. 
 
Place of collection: decametric boulder situated in the further 
part of the studied deposits in the location called Roe Alte. 
Coordinates: WGS 84  46,16867502; 12,12509231 
Altitudes: 392 
Exposition: 124/37 
 
 
 
Figure 53. Samples VB13b before crashing. 
 
Description of sample: white limestones 
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Figure 54. Thin section of VB13b samples 
 
Description of thin section:  oolitic and bioclastic grainstone. 
Oolites have a concentric and radial structure, bad preserved due 
to the advanced state of micritization. Bioclasts are fragments of 
bivalves, echinoderms, foraminifera and algae. 
 
    
 
Figure 55. Particular extracts from thin section: foraminifer, 
echinoderm aculeo, bivalve and algae. 
 
 
Lithology: Calcari Grigi Group 
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8.14. VB14 
 
 
Figure 56. Boulder from which the samples VB14 was collected. 
 
Place of collection: decametric boulder on the left side of 
Cordevole River, in the lower part from the Peron Mount. 200 m 
over the Mas village, near the path. 
Coordinates: WGS 84  46.16759521; 12,12367188 
Altitudes: 470 
Exposition: 230/71 
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Figure 57. Samples VB14 before crashing. 
 
Description of sample: white oolitic limestones 
 
 
Figure 58. Thin section of VB14 samples 
 
Description of thin section: peloidal packstone with ooides and 
bioclasts. Oolites have a concentric and radial structure, bad 
preserved due to the advanced state of micritization. Bioclasts 
are gastropods, different species of foraminifer, bivalve and 
echinoderm fragments. 
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Figure 59. Particular extracts from thin section: oolite with 
dolomite and foraminifers 
 
 
Lithology: Calcari Grigi Group 
 
 
 
label	   Latitue	   Longitue	   Altitue	   Exposition	   Lithology	  	   [°]	  WGS84	   [°]	  WGS84	   [m]	   direction/dip	   	  VB1a	   46,16750000	   12,11460000	   410	   170/25	   Calcari	  Grigi	  Group	  VB1b	   46,16730000	   12,11420000	   410	   360/65	   Calcari	  Grigi	  Group	  VB2a	   46,15931713	   12,12019224	   395	   200/40	   Calcari	  Grigi	  Group	  Vb3a	   46,16867502	   12,12509231	   520	   160/85	   Rosso	  Ammonitico	  Sup.	  VB3b	   46,16867502	   12,12509231	   520	   230/61	   Calcari	  Grigi	  Group	  VB3c	   46,16867502	   12,12509231	   520	   150/85	   Rosso	  Ammonitico	  Sup.	  VB3d	   46,16867502	   12,12509231	   520	   250/60	   Calcari	  Grigi	  Group	  VB4a	   46,17160000	   12,12680000	   620	   155/40	   Calcare	  del	  Vajont	  VB5a	   46,16759521	   12,12367188	   470	   280/70	   Calcari	  Grigi	  Group	  VB10	   46,16462268	   12,11251879	   402	   90/51	   Calcari	  Grigi	  Group	  VB11	   46,14182932	   12,11841204	   397	   120/30	   Calcare	  del	  Vajont	  VB12	   46,12715862	   12,11770232	   392	   220/20	   Calcare	  del	  Vajont	  VB13a	   46,16867502	   12,12509231	   396	   126/42	   Calcari	  Grigi	  Group	  VB13b	   46,16867502	   12,12509231	   396	   124/37	   Calcari	  Grigi	  Group	  VB14	   46.16759521	   12,12367188	   470	   230/61	   Calcari	  Grigi	  Group	  
 
 
Tab. 3. Data of samples: coordinates (WGS84), altitude, 
exposition and lithology. 
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9. Chemical analysis 
 
For every samples chemical analysis were made for determinate 
the quantity of major, minor and trace elements presents.  
Major and minor elements were obtained with the X-ray 
fluorescence spectroscopy (XRF), analysis carried out in the 
Department of Geoscience of Padova by Pasqual Daria. 
The trace elements analysis were obtained with the ICP-MASS 
(Thermo, XseriesII) by Carugati Gabriele, Isubria University. 
 
ICP-­‐MASS	   11B	   147Sm	   157Gd	   232Th	   27Al	   47Ti	   52Cr	   55Mn	  
	   µg/g	   µg/g	   µg/g	   µg/g	   µg/g	   µg/g	   µg/g	   µg/g	  
VB1a 1,05	   0,28	   0,39	   0,05	   64,78	   3,08	   2,80	   30,50	  
VB1b 0,89	   0,09	   0,12	   0,04	   70,74	   <LOD	   <LOD	   8,45	  
VB2 1,62	   0,25	   0,29	   0,14	   390,52	   6,47	   3,17	   11,41	  
VB3a 1,83	   1,37	   1,45	   0,36	   1071,21	   18,52	   <LOD	   424,06	  
VB3c 1,98	   1,50	   1,60	   0,44	   1521,00	   20,00	   7,00	   240,00	  
VB3d 0,65	   0,29	   0,36	   0,06	   147,00	   <LOD	   8,00	   84,00	  
VB4a 1,06	   0,17	   0,25	   0,02	   27,00	   <LOD	   <LOD	   7,00	  
VB5a 3,57	   0,09	   0,13	   0,03	   80,00	   1,00	   3,00	   7,00	  
VB10	   0,97	   0,16	   0,23	   0,02	  
	   	   	   	  VB11	   1,67	   0,35	   0,51	   0,02	  
	   	   	   	  VB12	   1,92	   0,36	   0,50	   0,05	  
	   	   	   	  VB13a	   1,52	   0,29	   0,43	   0,04	  
	   	   	   	  VB13b	   1,76	   0,28	   0,42	   0,03	  
	   	   	   	  VB14	   0,44	   0,08	   0,11	   0,03	  
	   	   	   	   
Tab. 4. ICP-Mass analysis 
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Tab. 5. XRF analysis of major and minor elements. 
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By observing the major analysis it is possible to note that the 
high content in Mg in the samples VB1a and VB3d is due to the 
samples high dolomitization. 
The other samples show a low dolomitization, free from clay 
components, have a variable content of  minor elements Sr (56-
344 ppm), Ba (<10-107 ppm), Nd (9-31 ppm), Y (<3-31 ppm), 
V, Th, Cr, Cu, Zr, Ni and Rb. 
Samples  show an abnormal content of critical trace elements as 
B (11B: 0.44-3.57µg/g), Sm (147Sm: 0.09-1.50 µg/g), Gd (157Gd: 
0.11-1.60 µg/g), Th (32Th: 0.02-0.44 µg/g) especially samples 
VB5 (11B: 3.57µg/g) and VB3a,VB3c, which show an high 
content in Sm, Gd and Th. 
 
 
 
 
 
Graph 1. Trace elements present in the samples 
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10. Datation 
 
 
A large number of rockslide deposit in the Alps have been 
qualitatively dated to late Pleistocene era, without support from 
quantitative radiocarbon data or other absolute dating methods. 
Many events of unknown age were simply said to be late glacial 
(Abele, 1974) because it was generally believed that this was the 
most favourable time for triggering rockslides. (Von Poschinger, 
2002) 
Recently datations show a growing number of rockslides to be 
younger than previously thought, in many casas this suggest that 
direct glacial cause is inappropriate. (Von Poschinger, 2002) 
 
In the last decades a powerful technique, which allow to 
calculate the exposure times with cosmogenic nuclides, were 
more used in Quaternary geochrology and landscape evolution 
studies. This is the only method to calculate the exposure times 
(Ivy-Ochs & Kober, 2008). 
The technique used in this work, to date the exposition age, is 
the cosmogenic 36Cl method. It is possible to use this dating 
method nearly in every rock type (Alfimov & Ivy-Ochs, 2009). 
 
Cosmogenic isotopes are energetic protons (0.1 a 10 GeV 
nucleon-1) forming fluxes, modulate by Sun’s magnetic field, 
with density similar to that of stellar light. The Earth is 
constantly  bombarded by galactic an solar cosmic rays, which, 
reaching the atmosphere, interact with N, O and rare gas 
producing cosmogenic atmospheric nuclides: 3He,10Be, 36Cl, 129I 
and 14C. 
When primary cosmic rays enter in atmosphere they produced 
secondary cosmic rays constituted from protons, neutrons and 
muons of which neutrons are the dominating component (energy 
> 10MeV). When cosmic ray impact on the Earth’s surface, 
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interact with rock minerals yielding isotopes 10Be, 36Cl and 26Al. 
These nuclides can be unstable and radioactive with variable 
decay time therefore mid-long life nuclides, allowing to measure 
the exposition time up to a few Ma. 
 
36Cl is the only cosmogenic nuclide suitable for dating 
limestones and dolomites. It is produced through spallation, 
muon interactions and low-energy (epithermal and thermal) 
neutron capture reaction. (Alfimov & Ivy-Ochs, 2009) 
Spallation is a nuclear reaction where several lighter particles 
are emitted from a target nucleus hit by cosmic rays particles. 
Ca, K, Ti and Fe atoms present in the minerals through 
spallation produce 36Cl. It is the more common reaction in the 
rock and represents the 90% of 36Cl produced. 
Slow negative muon capture on 40Ca atoms produce an 
important quantity of 36Cl. 
A significant amount of Cl is present in dolomites and limestone 
(>10 ppm for 20 wt% Ca in a dolomite or >20 ppm for 40 wt% 
Ca in a limestone) ( Alfimov & Ivy-Ochs, 2009). The capture of  
low-energy (thermal and epithermal) neutron on stable 35Cl 
produce 36Cl. 
 
 
Figure 60. 36Cl production mechanisms (From Alfimov & Ivy-
Ochs, 2009) 
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Longer the rock is expose to cosmic rays and more 36Cl will be 
produce. The exposition time is proportional to the TCN atoms 
for g-1 of mineral. Measuring the nuclide concentration allows to 
determinate how long rocks have been exposed at or near the 
Eart’s surface (Lal, 1991). 
 
Cosmogenic surface exposure ages are calculated using a 
MATlab routine devised by Vasily Alfimov, following the 
production rates given in Afimov and Ivy-Ochs (2009). 
The production rate P of 36Cl due to spallation of Ca is estimate 
in 48.6 ± 1.7 atom g-1 years-1, with an error of 4% (Stone et al., 
1998). 
The nuclide concentration is obtain through AMS (accelerator 
mass spectrometry) analysis which measure the nuclide 
concentration relative a standard material. By preparing the 
samples for AMS it is important to delete the isobaric 36S, which 
cause chemicals interference. With the cosmogenic 36Cl method 
the limit of applicability is about 1 Ma. 
 
Once the exposition time have been calculated is necessary to 
carry out some corrections on the results. 
The following factor are to be considerated: -­‐ altitude: cosmic flux is higher on mountain than at sea level -­‐ latitude: cosmic flux is smaller at equator then at the poles 
because the magnetic field of Earth, impedes and deflected 
particles with fewer energies at lower altitude; -­‐ shielding: rock geometry and surrounding topography influence 
the incident particle fluxes -­‐ thickness: radionuclides concentrations variants with depth -­‐ snow cover: snow involves radionuclides attenuation 
 
To calculate the exposure age we have to take into consideration 
the chemical composition of rock carried with XRF and ICP-MS 
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analysis which provide the quantity of oxides, minor elements, 
traces and specific isotopes. In particular is important calculate 
the concentration of B, Gd and Sm because these elements are 
strong neutrons absorbers and can influence the proportion of 
low-energy neutron that are available for neutron capture 
reactions on 35Cl and 39K (Ivy-Ochs & Kober, 2008). 
 
 
 
 
11. AMS samples preparation 
 
The samples were prepared and dated in the Physic department 
of Honggerberg at ETH in Zurich. 
The aim of preparation was to remove and measure the quantity 
of Cl present in every carbonate samples, producing AgCl for 
the AMS. 
 
11.1. Crushing 
 
The first step is to crash the samples in the crushing machine, 
which have to be carefully cleaned before crushing every 
sample, to not contaminate the following one. 
From the crushed sample 150-200 g are taken to the 50 µ screen 
passing. 
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Figure 61. a) Crushing machine; b) 50µ screen passing. 
 
11.2. Leaching 
 
In this phase 120 g of sample is inserted in a polypropylene 
bottle, which is previously cleaned with deionized water 
(18MΩ) to eliminate the cosmogenic Cl present on the surface 
of everything. This is very important because the Cl measured 
have to be the only in situ produced. 
In the bottle 120 g of samples, 200 ml of water and 15-20 ml of 
NHO3 2M are putting. The reaction which occurs is CaCo3 + 
2NHO3 = Ca(NO3)2 + CO2+H2O and after one day the Ca(NO3)2 
produced have to be eliminate by rinsing the sample with water 
several times. Once powder and new water are mix together in 
the bottle, this one is inserted on the shaking machine, samples 
are rinse and put in the oven at 75-85° C to eliminate the water. 
 
 
Figure 62. a) samples with water and NHO3 2M ready for 
leaching; b) shaking machine 
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11.3. Sample dissolution with carried 
 
This phase’s aim is dissolve and eliminate the CaCO3. 60 g of 
dry sample are left into the bottle and about 10 g are preserved 
for the XRF analysis made in the Deprtement of Geosciences in 
Padova. 
Into the bottle are added 1 ml of 35Cl solution and, every 20 
minutes, about 10 ml of NHO3 2M beginning and NHO3 
concentrated (65%) in the end, until no bubbles are produced 
from sample. At this point, when the sample doesn’t react more, 
all CaCO3 are dissolved. 
 
11.4. Precipitate AgCl 
 
The solution obtained is placed into a little bottle and put into 
the centrifuge (4000 rpm for 10 minutes) to separate the liquid 
from the remained solid. The liquid is fill into a becker 
(previously cleaned with water and NHO3 and left for one hour 
on a plate at 200°C) and 10 ml of AgNO3 are added, which are 
left on the plate for one hour at 200°C. The AgNO3 is light-
sensitive so this step have to be done in a dark environmental. 
So that inside the becker precipitate AgCl. 
The content of becker is centrifuged, liquid is purred into the 
bottle and the solid into a little tube. 
 
 
Figure 63. a) Separation of solid in the centrifuge; b) becker 
before the AgCl precipitation. 
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11.5. Precipitate BaSO4 and AgCl extraction. 
 
For the AMS analysis it is important to eliminate the 36S present 
in the sample because, for the accelerometer, it is very difficult 
to recognised it from 36Cl. 
Into the solution is present AgSO4 and to eliminate S it is 
necessary to add Ba(NO3)2 which induces the BaSO4 
precipitation. 
Therefore 10 ml of water and 2 ml of NH4OH are added to the 
solution to dissolve AgCl. Centrifuged the liquid, 3 ml of 
Ba(NO3)2  is added in the tube and is left to rest in the dark for 
one night. Centrifuged an other time, BaSO4 is separated from 
AgCl and it remains on the tube. 
On the plate, meanwhile, in a small becker 25 ml of NHO3 2M, 
5 ml of AgNO3 and 10 ml of water are pured, to which the liquid 
separated from BaSO4 is added. 
Into the becker precipitate AgCl as a white solid which have to 
put with a pipette in a new tube. 
The tube is then centrifuged and all the liquid is separated from 
AgCl. 
The precipitate is send to the AMS to measure the quantity of 
36Cl present into the sample. 
 
 
Figure 64. Little pipes with the samples to analyse at the AMS 
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12. Exposure age result 
 
The samples that have been dated up to now are VB2a, VB3b, 
VB5a. 
The exposure age calculated have to still be corrected with the 
correct shielding. The age obtained  have been calculated 
assuming a plane surface (shielding: 1) around the collected 
point. 
 
Label Age for the input conc. +-err P_avg +-err     
  Kyr kyr 1e6 at/g/yr 1e6 at/g/yr shielding age wshielding 
VB2a 1.48 0.05 29.7 1.0 1 1.48 
VB3a 0.95 0.03 34.0 1.1 1 0.95 
VB3c 1.86 0.06 33.9 1.1 1 1.86 
  
Tab. 6. Calculated exposure age 
 
 
For the samples VB2a, VB3b, VB5a, VB10, VB11, VB12, 
VB13a, VB13b, VB14 have been calculated the right shealding 
factor, due to mountain presence and angle of sample surface.   
 
Labels	   Alt	  (m)	   Lat	  (WGS	  84)	   Long	  (WGS	  84)	   Depth	  (cm)	  
Thickness	  
(cm)	   Shielding	   ±	  
VB2a	   400	   46,15931713	   12,12019224	   0	   5,5-­‐-­‐6,5	   0,738	   0,082	  
VB3b	   520	   46,16867502	   12,12509231	   0	   3-­‐-­‐4	   0,744	   0,07	  
VB5a	   470	   46,16759521	   12,12367188	   0	   2-­‐-­‐3	   0,398	   0,063	  
VB10	   402	   46,16462268	   12,11251879	   0	   1,5-­‐-­‐2,5	   0,724	   0,094	  
VB11	   397	   46,14182932	   12,11841204	   0	   2-­‐-­‐3	   0,751	   0,067	  
VB12	   392	   46,16867502	   12,12509231	   0	   6-­‐-­‐8	   0,75	   0,069	  
VB13a	   396	   46,16867502	   12,12509231	   0	   1,5-­‐-­‐2,5	   0,75	   0,069	  
VB13b	   396	   46,16867502	   12,12509231	   0	   2-­‐-­‐3	   0,75	   0,069	  
VB14	   470	   46,16759521	   12,12367188	   0	   5-­‐-­‐6	   0,398	   0,063	  
 
 
Tab.7. Calculated samples shielding. 
	   101	  
 
 
Figure 65. Samples exposure age 
 
	   102	  
14. Discussion 
 
14.1. Age 
 
The calculated exposure age shows that the rock avalanche 
occurred in the last two thousand years and hasn’t a post-glacial 
age. 
 
In particular the samples VB3a has an exposure age that could  
confirm the Eisbacher & Clauge (1984) theory that attributed 
the cause of the landslides to the bigger earthquake occurred in 
the NE Alps the 3rd January 1117. 
 
 
 
14.2. Rock avalanche theory 
 
To explicate the long run-out of the Mt. Peron landslide two 
graphs have been used which have been created by Dikau et al. 
(1996) and Scheidegger (1973) after having studied a lot of rock 
avalanches. 
 
Using the graph proposed by Dikau et al., (1996) that indicates 
the maximum horizontal distance reached by the debris vs. the 
high (H) and the volume (V), this allows to insert the Peron 
landslide size between the rock avalanche as it is possible to 
observe in the graphs. 
The long run-out isn’t anomalous if is it compared with other 
rock avalanches having a similar volume. 
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Figure 66. The Mt. Peron rock avalanche measures indicating 
the maximum horizontal distance reached by the debris vs. the 
high (H) and the volume (V)(Dikau et al., 1996). 
 
The measured travel angle of the rock avalanche is about 12° 
and its tangent is 0.21. Entering this number in the 
Scheidegger’s plot, describing the increasing of mobility related 
to the volume, the correspondent volume is about 1 x 108 m3, 
which corresponds to the Mt. Peron rock avalanche volume. 
 
 
Figure 67. Scheidegger plot: increasing of mobility vs. the 
increasing of volume (Scheidegger, 1973). 
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The plain of Torbe, that have confused for several years the 
geologists who considered the deposits near the Mis river as 
glacier transported, have been interpreted as an old valley of 
Cordevole River, fill by rock avalanche deposits which have 
been buried and covered first by lacustrine deposits and later on 
by colluvial and eolian sediments coming from the abundant 
available debris. 
 
 
Figure 68. Old Cordevole riverbed and lake formed by the rock 
avalanche fall. 
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15. Conclusion 
 
Studying the vast deposits extended over 4,5 km from the source 
area, interpreted for several years as more landslides fall on the 
Cordevole glacier and transported for many kilometres, it is now 
possible to say that the landslide of Mt. Peron belongs to a 
single event caused from a rock avalanche. 
It is possible to discard the “marocca” theory because in these 
deposits typical features of the rock avalanche are present; some 
of features are common also to “marocche” as the preservation 
of the origin layers sequence, but others are exclusively and 
typical only for rock avalanche. 
 
The features observed, which confirm the rock avalanche 
theory, are listed below. 
 -­‐ 1. Toma: conical hills presents in more parts of the deposits. 
 -­‐ 2. Extremely fragmented material: observed in more section into 
the deposits, also in several excavated toma. 
 
 -­‐ 3. Upward coarsening graduation: the section observed in the 
quarries show extremely fragmented material with maximum 
size of clasts 20-30 cm, immerse in a matrix made  of finely 
comminuted rock clasts at the base, and large angular boulders 
in the higher part. 
 -­‐ 4. Unobstructed of debris plane: between the Mount slope and 
the deposits there is a plane unobstructed of boulder and there is 
no evident to rock avalanche deposits. 
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-­‐ 5. Transverse levee: 8-9 ridges perpendicular to the debris flow 
direction. 
 -­‐ 6. Direct contact between the extremely fragmented deposits 
and the bedrock. It is possible to observe this feature along the 
Cordevole River in the eastern part of deposits. This feature 
confirms the theory of single event. 
 
 
 
 
 
Figure 69. Characteristics that describe the deposits as rock 
avalanche deposits. 1 - Hummocky; 2. Extremely fragmented 
material; 3 - Coarsening upward graduation; 4 - Unobstructed 
of debris plane; 5 - Transverse levee; 6 -Direct contact between 
the extremely fragmented deposits and the bedrock. 
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